Abstract: Objective: To determine whether active school travel is associated with muscular fitness, which is an emerging marker of youth health. Methods: Handgrip strength, vertical jump and vertical jump peak power were measured in n=6829 English schoolchildren (53% males, age 12.9 ±1.2 years) between 2007 and 2011. Participants were grouped according to self-reported habitual school travel modality. Results: Cyclists had greater handgrip strength than passive travelers. Vertical jump height was greater in walkers and cyclists compared with passive travelers. Jump peak power was also higher in walkers than in the passive travel group. Compared with passive travelers, cyclists had a higher (age, sex and BMI-adjusted) likelihood of good handgrip strength (OR 1.42, 95%CI;1.14-1.76) and walkers were more likely to have good measures for vertical jump peak power (OR 1.14, 95%CI;1.00-1.29). Cyclists' likelihood of having good handgrip strength remained significantly higher when adjusted for physical activity (OR 1.29, 95%CI;. Conclusion: Muscular fitness differs according to school travel habits. Cycling is independently associated with better handgrip strength perhaps due to the physical demands of the activity. Better muscular fitness may provide another health-related reason to encourage active school travel.
This study describes impact of commuting to school on two measures of muscle fitness in a large cohort of 6829 schoolchildren. I think this study identifies an interesting and relevant area of children's health and the question raised is clear and of importance. Findings supporting the promotion of active commuting are of great value in the public health perspective. Even though, I have some major concerns that I recommend the authors to consider before publication.
I will first give some overall comments and these will be followed by specific comments on minor issues.
Response: Many thanks, we appreciate your efforts in reviewing our work and are grateful for your comments that we have attempted to address and believe significantly improve the manuscript. We hope that you find the changes we have made, outlined below, satisfactory.
#1 I do not quite comprehend with the word lower body power and moreover the authors seems to use several different terms when referring to lower body power (i.e.; jumping, lower body power, lower body-power, jump height and peak power). Please be consistent.
Response: See response under comment 2
#2 Moreover it is difficult to understand what the authors refer to as lover body power, jump height or peak power or a combined score? In the introduction the authors state that the aim of the study was to determine if active school travel was associated with two measures of muscle fitness (handgrip strength and lower-body power) whereas in the results the authors present three different muscle fitness measures (handgrip, jump height and peak power). Please clarify.
Response #1 & #2: Thank you this is a very good point and we have now removed all reference to lower body power and added the following clarification to page 4 to define key terms:
"Collective muscular fitness can be assessed using various performance tests of strength such as handgrip, explosive lower-limb power such as jumps, and muscular endurance such as situps (Artero, et al., 2011) . "
In the methods section under the subheading muscular fitness measures we have also described exactly how handgrip strength was measured as well as how vertical jump was measured in units of cm as well as converted to jumping peak power (W·kg -1 ) based on the Sayers equation.
As recommended, we have also ensured that terms are used concisely and with precision throughout the manuscript, which we have now confined to the following terms only, as defined above: Muscular fitness, muscular endurance, handgrip strength, vertical jump and vertical jump peak power.
#3 At the end of the first paragraph in the introduction the authors state that muscular fitness, like cardiorespiratory fitness appears to play a cardioprotective role in overweight and obese individuals. Could have been interesting to have the author's opinion on whether these associations are exclusively for overweight and obese individuals?
Response: Based on the mechanism by which cardiorespiratory fitness may be cardioprotective, the answer to your question is No. Studies and interventions have mainly focused on overweight and obese individuals, but this benefit are not exclusive to this groups. We however cannot say much for the underweights. Research shows that cardio-respiratory fitness (fitness) attenuates the negative health consequences of high adiposity (fatness) in adults and the actual mechanisms in with cardiorespiratory fitness is linked with better cardiovascular profile (cardioprotection in this case) are not fully understood. However, The benefits that cardiorespiratory fitness has on the vasculature are believed to be mediated by endothelial progenitor cells, which support vascular repair (Steiner S. et al. (2005) Endurance training increases the number of endothelial progenitor cells in patients with cardiovascular risk and coronary artery disease. Atherosclerosis 181, 305-310 and Seals DR, Desouza CA, Donato AJ et al. (2008) Habitual exercise and arterial aging. J Appl Physiol 105, 1323-1332). ). A healthy blood vessel requires an intact endothelium and a degree of elasticity. High fitness is associated with lower arterial stiffness and greater arterial compliance and may decrease total resistance resistance (Pescatello LS. et al. (2004) American College of Sports Medicine position stand. Exercise and hypertension. Med Sci Sports Exerc 36, 533-553). WE HAVE then further shortened this to create the following summary: We have changed this sentence to "such measures are becoming recognized as important health outcomes, particularly in overweight and obese children". This is to reflect that the cited studies which examined the interactions between muscular fitness, metabolic health and weight status in children have either shown a stronger negative association between strength and metabolic risk in the overweight/obese than in the normal weight ( 
#4
In the statistic section the authors mention VO2peak for the first time and results and comparison of V02peak results between boys and girls are described in the first paragraph in the result section. However, this measure is not described in the methods section and data is not reported in table 1. The question is whether the measure is relevant for the paper or should the authors focus on muscle fitness.
Response: This was an oversight. This is now done, thank you.
#5 I have some concerns on the z-scores reported in table 1. Is it relevant display mean z-values? If the z-score from a large similar population as the reference population are computed by sex and age the mean z-values is always near zero. Moreover, I did not quite comprehend with the paragraph on page 8 is this information relevant for the purpose of the manuscript. , Response: We recognize that z-socres appear somewhat unsightly and may be difficult to interpret but we need to present means (sd) of our outcome variables to adhere to the journal policy on providing information necessary to supporting potential future meta-analyses. We have removed the point on "means near zero and SD1 as you rightly point out, this is superflouous.
#6
In the literature several studies compute composite scores as an estimate of overall muscular fitness (1-3) when several measures of different terms of the muscle fitness concept are available. It is my opinion that by creating sum scores different dimensions of muscle strength are taken into account. That might give a more precise description of overall muscle fitness than just single measure of either isometric strength or power. In the present study the authors have both isometric strength and explosive strength/power. Could the authors comment on why they do not use a composite score for muscle fitness instead of single measures. It could at least be interesting to have some kind of analyses on a composite score.
Response:
We agree that a composite score could be an interesting addition to the analysis. However, we believe that providing analysis of individual components is important since vertical jump and handgrip not only represent different components of muscular fitness, access to these measures also differ -clearly, in the school setting the assessment of vertical jump height may be done without any additional equipment, while handgrip dynamometers are less widely available. Furthermore, while there is substantial evidence showing associations between both handgrip and standing long jump and cardiometabolic health in youth, to the best of our knowledge this has not been reported for vertical jump. We actually submitted a manuscript (on a another topic) containing a composite fitness score manuscript to this journal last year which was rejected due to a lack of scientific rationaleour worry in doing so again would be how to "weight" different scores? Would each score be weighted equally and would we include: cardiorespiratory measures, or measures of adiposity like BMI as others have? The wording necessary to explain the rationale for any such score would use too much additional space and add to our word count.
#7 One other concern is the age span in the study. One might assume that the travel pattern is different in different age groups. Could the authors comment on whether there are more walkers in lower age groups and more cyclers in older age groups, and finally is the pattern of passive transport different over the age span? Final question is whether these differences are taken in to account in the analyses.
Response: We can comment here, but word count does not permit us to address this valid point. Yes more of the younger children walk, and more use active travel when older. We cannot control for this confounder; the prevalence of all modes differs widely between schools which is why we used multilevel model. We now briefly address this in the limitations.
'Given the exploratory nature of our investigation we maximized statistical power by analyzing all participants using age-and sex-specific z-scores and further statistical adjustment. This analysis does not account for age-related differences in travel habits. Future research would benefit from analyses stratified by age but would require very large samples or deliberate oversampling of cyclists to increase statistical power' #8 Although validated I would very much appreciate the authors comment on using a 7-day recall instrument in schoolchildren, especially among the youngest group. Is it useful? And what is acceptable criterion validity?
Response: We have added the value for criterion validity in methods and a brief comment on limitations of self-report is now in the limitations #9 The authors need to discuss to a broader extent the association between handgrip strength and cycling. Is there any biological explanation for the association between cycling and handgrip strength. Handgrip is often used as an indirect measure of overall strength, at least for the upper body. The authors state that the relationship may be a consequence of holding handlebars and using brakes. I am not sure if I can support this explanation, as holding handlebars often will be characterized as an static exercise, however, one might assume that off-road cycling could give such an adaption to the muscles. On the other hand I doubt English adolescent do off-road cycling when commuting to school. What surprises me is that cycling was more related to handgrip than lower body power. One might assume that overall activity; walking, cycling or other activities should have an effect on musculoskeletal system in the present age group. Could the findings or lack of finding on the relationship with cycling and lover body power be due to low number of cyclist and thereby low statistical power?
Response: Indeed holding of handlebars and squeezing brakes are very similar to the muscle activation pattern of the handgrip test which involves isometric contraction of the forearm muscles (albeit at a submaximal intensity). It is possible as suggested by Artero et al, that the vertical jump is test which depends to a great extent on coordination of the muscle groups involved, and as such the power development in the thigh muscles that may occur during cycling, does not transfer to the performance of the single effort maximal test. We have mentioned both of these possibilities in the text and in the limitations that that the small number of cyclists may limit statistical power to detect this relationship. We hope that this is sufficient.
#8 From the last paragraph on page 13 and to the end of page 14 the authors comment on several important issues with respect to potential health benefit of muscle fitness. However, I question whether this is beyond the scope of the manuscript? Some of these aspects are already mentioned in the introduction.
Response: Removed as per reviewer 1 comment 1.
Specific comments:
#1 Page 5 last paragraph -please write body mass index when it is the first time the term is being used 
Response to Reviewer 3 Comments:
Reviewer #3: The manuscript investigates the association between travel mode to school and muscular fitness. The study, which is based on a large sample (n=6,989) drawn from The East of England Healthy Hearts investigates an important topic. The introduction is well organized and logically put into perspective what follows in the manuscript. The methods section should be more specific and more clear in a number of aspects. Likewise should the results section be thoroughly revised e.g. it seems that some of the provided estimates are incompatible with the accompanying confidence. The discussion could generally be condensed and missing and erroneous references should be taken care of.
Response: Thank you for your comments which we are grateful for and hope that the responses we have made, as outlined below, meet with your satisfaction. We believe that the changes you have suggested have helped us to significantly improve the manuscript so thank you.
Specific comments: (P=page, L=line). 1) P0.L8: Abstract: should the CI interval be [1.00-1.29] ?
Response: Thank you, well-spotted. This has now been changed as suggested from 1.00-1.28 to 1.00-1.29.
2) P1,L44: Note that if you are well above the current word limit. This study does not involve comparative interventions thus the manuscript should not exceed 2500 words. Only if the rules regarding the word limit are going to be relaxed a major revision of the manuscript could be avoided.
Response: We agree with you. This has been exceeded largely because we have tried to accommodate all reviewer"s comment and included details that we feel reader will be interested in seeing.
3) P3.L9: General comment. Would it be possible to use the same terminology (lower body power or peak power or relative peak power) throughout the entire manuscript?
Response: Thank you, this was also commented on by reviewer two. As recommended, we have now ensured that terms are used concisely and with precision throughout the manuscript, which we have now confined to the following terms only, as defined above: Muscular fitness, muscular endurance, handgrip strength, vertical jump and vertical jump (VJ) peak power. 4) p4, l.9-11: please rephrase so handgrip strength could not be interpreted as a measure of power Response: The sentence has now been rephrased as suggested:
"Recently, measures of strength such as isometric handgrip strength, and power such as jump performance, have been identified as powerful indicators of children"s health status independent of cardiorespiratory fitness." 5) P4. L.26 would e.g. through or by means of -be more suitable than "on"? 6) p4,Line 27: It appears at the moment that both "power" and "strength" is related to handgrip. 7) p4,line:27-31: I suggest that you add. e.g. before "(jumping") and e.g. before "(sit-ups") so one is not mislead to think that muscular fitness solely is related to these specifically 
DC : As above Suggest instead the following:
We have changed this sentence to "such measures are becoming recognized as important health outcomes, particularly in overweight and obese children". This is to reflect that the cited studies which examined the interactions between muscular fitness, metabolic health and weight status in children have either shown a stronger negative association between strength and metabolic risk in the overweight/obese than in the normal weight (Artero et al, 2011 and 
Highlights.
1. We examine the association between habitual school travel modality and children's muscular fitness 2. Walking to school is associated with greater jump peak power 3. Cycling to school is associated with greater handgrip strength 4. The likelihood of having good handgrip strength is independent of physical activity in cyclists 5. Active school transport may promote muscular fitness in youth. 
Abstract.
Objective: To determine whether active school travel is associated with muscular fitness, which is an emerging marker of youth health. Methods: Handgrip strength, vertical jump and vertical jump peak power were measured in n=6829 English schoolchildren (53% males, age 12.9 ±1.2 years) between 2007 and 2011. Participants were grouped according to selfreported habitual school travel modality. Results: Cyclists had greater handgrip strength than passive travelers. Vertical jump height was greater in walkers and cyclists compared with passive travelers. Jump peak power was also higher in walkers than in the passive travel group. Compared with passive travelers, cyclists had a higher (age, sex and BMI-adjusted) likelihood of good handgrip strength (OR 1.42, 95%CI;1.14-1.76) and walkers were more likely to have good measures for vertical jump peak power (OR 1.14, 95%CI;1.00-1.29).
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1. We examine the association between habitual school travel modality and children's muscular fitness 2. Walking to school is associated with greater jump peak power 3. Cycling to school is associated with greater handgrip strength 4. The likelihood of having good handgrip strength is independent of physical activity in cyclists 5. Active school transport may promote muscular fitness in youth.
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Introduction.
The health-maintaining and protective the benefits of good cardiorespiratory fitness levels are established in adult (Sui et al., 2007 , Blair et al., 2001 and muscular endurance such as sit-ups (Artero et al., 2011) . Like cardiorespiratory fitness (Hunt et al., 2011 , Blair et al., 1991 , Pescatello et al., 2004 , muscular fitness also appears to play a cardioprotective role, and is increasingly being recognized as an important health outcome, particularly in overweight and obese children , Artero et al., 2011 , Cohen et al., 2014 .
There is a robust relationship between handgrip strength in the lowest tertile (or quartile) of age-, sex-and body mass-adjusted performance (Artero et al., 2011 , Ruiz et al., 2009 ). These tentative cut-points, described as healthy muscular fitness zones, are proposed because handgrip strength during adolescence is associated with current metabolic health (Artero et al., 2011) and future CVD risk and pre mature mortality (Ortega et al., 2012) .
Handgrip strength may act as a proxy of whole-body muscularity (Sherriff et al., 2009 ) and may be a useful addition to estimates of adiposity such as BMI. There is some evidence that ,   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 5 when used in isolation, BMI values are insensitive to changes in body composition and unable to detect secular increases in children's adiposity (Moliner-Urdiales et al., 2010b). We have previously reported that BMI remained stable over the 10-year period among children despite large, secular declines in muscular endurance (-30% sit-up performance) and handgrip strength (-8%) (Cohen et al., 2011) . A systematical review reported global declines in jump power (Tomkinson, 2007) , which is of concern given the emerging importance of muscular fitness as markers of current and future health.
As muscular fitness tracks from childhood into adulthood (McMillan & Erdmann, 2010 , Marshall et al., 1998 it is important to identify factors associated with its development in youth. Muscular fitness is related to adiposity (Deforche et al., 2003 and habitual physical activity (Moliner-Urdiales et al., 2010a) but these relationship are less widely reported than are the predictors of cardiorespiratory fitness.
School travel is one such example of a well-documented predictor of cardiorespiratory fitness in youth, and a recent systematic review of multiple international studies reported positive associations between active transport and cardiorespiratory fitness (Lubans et al., 2011) . In contrast, only two studies have examined the association between school travel and elements of muscular fitness , Ostergaard et al., 2013 but did report that children who travelled actively to school were stronger and had better muscular endurance than those who travelled by car or bus. These findings from Denmark, where cycling is the predominant modality for school travel are difficult to compare with countries like the US or UK, where cycling to school is rare. The aim of the present study was to determine if active school travel was associated with three measures of muscular fitness.
Methods.
Participants
The sampling strategy, population characteristics and methodology have been reported in 6 detail previously . The sample was drawn from the East of England Healthy Hearts Study and is restricted to individuals with complete, data for: sex, age (range 10.0-15.9 years), body mass index, cardiovascular end muscular fitness test performance, physical activity questionnaire and school travel habits (n=6989, 53% males). 
Anthropometry
We measured stature (Seca Leicester Height Measure; Seca GmbH & Co. KG, Hamburg, Germany) to the nearest 1 mm, and mass (Seca 888 digital scale; Seca GmbH & Co. KG) to the nearest 0.1 kg with participants dressed in standard physical education clothing without shoes. We converted body mass index (BMI, kg·m -2 ) to age-and sex-specific z-scores (Cole et al., 1995) .
Muscular Fitness Measures
After adjustment for hand-size, isometric handgrip strength of the dominant hand was measured using a portable dynamometer (Takei Corp Ltd., Tokyo, Japan) and converted to relative strength by dividing the highest score achieved by body mass (W·kg -1 ). Handgrip strength was also expressed as a z-score using UK reference data . A timing mat (NewTest Ltd. Oulu, Finland) measured flight time during a countermovement vertical jump (VJ) with the use of arms, which was expressed as VJ height (cm), and VJ peak power (W·kg -1 ) based on the Sayers equation . These measures were also converted to z-scores based on contemporary UK reference data .
We created categorical variables of either 'poor or 'good' (handgrip strength, VJ height and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 7 peak power) according to whether z-scores fell in the lowest or upper two population tertiles respectively.
Cardiorespiratory Fitness.
We estimated peak oxygen consumption using the 20m shuttle-run test ( and also as z-scores (age-normalised cardiorespiratory fitness) based on UK reference data (Sandercock et al., 2012) . A detail description of how VO2peak was estimated available elsewhere (Sandercock et al., 2012) .
Measures of Physical Activity and School Travel
We measured habitual physical activity using the Physical Activity Questionnaire for Adolescents (PAQ-A) or Children (PAQ-C) according to age. This 7-day recall instrument has acceptable criterion validity (r 2 >.3; all components) (Kowalski et al., 2004) and does not assess school transport. Schoolchildren were also asked to self-report and to answer the question, ''How do you usually get to school?'' and given the following options: ''walk,'' ''cycle,'' ''public transport,'' ''car'' or ''other.'' The participants who selected ''other'' (n=160) were excluded from the initial sample (n=6829) grouped as: cycle, walk, public transport, or car.
We initially collapsed the responses into active (walk and cycle) vs. passive (car and public travel), then further divided the active travel group into those walked or cycled to school.
Participants also provided their home postcode which, together with their school postcode, we used Google Maps TM to calculate the modality-specific distance they travelled 8 to school (e.g. use of footpaths for walkers, obeying local traffic laws for those driven). We dichotomized journey length as 'long' or 'short' based on median (2.4 km) split, in order to differentiate on the basis of measured distance rather travelling distance differences sometimes inferred from other methods such as primary-secondary school or age-related splits.
Statistical Analyses
We used Pearson's χ 2 to assess differences in travel mode between sexes and independent samples t-tests to analyze between-sex differences in BMI, VO2peak and muscular fitness tests (raw units and z-scores).
We used ANCOVA (controlling for: age, sex and BMI (z-score) with school (cluster)
included as a random factor to quantify mean differences and effect sizes (Cohen's d) for comparison with existing research.
Finally we used binary logistic regression analysis to calculate odds ratios (OR) for the likelihood of being classed as having 'good' muscular fitness according to cycling or walking, using passive travel as the referent category. This multi-level analysis controlled for clustering at school level and for: age, sex and BMI (z-scores). A second model was created in which we also controlled for physical activity (PAQ-score). Statistical significance was set at P< 0.05. SPSS 18.0 for Windows (SPSS, Inc.: an IBM Company, Chicago, IL, USA) was used for all statistical analyses; except the multilevel logistic regression performed using the XTMELOGIC function of STATA 10.1 (StataCorp, TX, USA XTMELOGIT programme).
Results. Table 1 shows the descriptive characteristics of the study population. BMI (z-scores) were elevated compared with reference data; and more-so in boys than girls. Absolute values for handgrip strength, VJ height and VJ peak power were higher in boys but age-and sex-normalized z-scores were more -comparable between sexes. (Cole et al., 1995) . Handgrip strength z-scores based on UK reference data . VJ and VJ peak power z-scores based UK reference data . *Significant between-sex difference in means (t-test); ** Significant between-sex difference in frequencies (χ 2 ) Table 2 . Means z-score (95%CI) for three indices of muscular fitness for walking, cycling or using passive school transport. VJ, Vertical Jump , a Controlling for age, sex and BMI (z-score); BMI z-score calculated UK1990 reference data (Cole et al., 1995) . Handgrip strength z-scores based on UK reference data . Vertical jump and jumping peak power z-scores based UK reference data . *denotes significantly higher mean value than passive transport group. (Cole et al., 1995) . Handgrip strength z-scores based on UK reference data . Vertical jump height and vertical jump peak power z-scores based on UK reference data . Low handgrip strength, vertical jump height and vertical jump peak power all classified as z-score within lowest tertile.
Muscular Fitness
ANCOVA showed a significant main effect (F (5, 6824) =10.1, p<0.001) for handgrip strength according to travel group (table 2) . Post hoc tests of marginal means (Bonferroni for multiple comparison) showed significantly greater handgrip strength in than in the passive transport group.There was a main effect for VJ height (F (5, 6824) =4.4, p=0.012) with significantly lower handgrip in the passive travel group compared with walkers and cyclists.
As the main effect for VJ peak power was approaching statistical significance, we performed post hoc analysis and found that VJ peak power was significantly higher in walkers than in the passive travel group.
Mulitlevel binary logistic regression (age, sex and BMI (z-score)-adjusted) are shown in table 3. Cyclists were more likely (OR=1.42, 95%CI; 1.14 to 1.76) to have good handgrip strength compared with the passive travel group. These odds were attenuated but remained significant after controlling for physical activity (Model 2, OR=1.29, 95%CI; 1.08 to 1.46).
Walkers were more likely to have good VJ peak power (OR=1.14, 95%CI; 1.00 to 1.29) than 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 11 passive travellers but controlling for physical activity (Model 2) attenuated these odds (OR=1.11, 95%CI; 0.98 to 1.26).
Discussion.
The aim of this study was to determine if active school transport was associated with handgrip strength and VJ peak power, measures of muscular fitness related to health. The most comparable study ) to ours reported greater isometric muscle endurance (16%) and abdominal muscle endurance (10%) in Danish cyclists compared with passive commuters and a more recent analysis grouped by age and sex also reported greater isometric (back extensor) strength in active commuters (Ostergaard et al. 2013 ). We differences equivalent to 1 kg higher handgrip strength in cyclists which is likely to be clinically significant. Handgrip tracks from childhood to adulthood (Trudeau et al., 2003) , and a recent meta-analysis (Cooper et al., 2010) suggested each 1 kg increment in age-and sex-adjusted handgrip strength lowers premature mortality risk by 3% (OR 0.97; 95%CI 0.96-0.98).
We also found differences equivalent to a 1 cm greater VJ height, equating to a 35 W higher VJ peak power in walkers. All the between-group effect sizes are smaller (all d<0.2) than reported for differences in cardiorespiratory fitness reported according to school travel , Lubans et al., 2011 ). An association with active travel and cardiorespiratory fitness seems logical as commuter cycling is a predominantly aerobic activity (Hendriksen et al., 2000) . In adults, a period of commuter cycling led to a significantly increase in peak power/kg measured on a cycle ergometer (de Geus et al., 2009) . We previously postulated a direct training effect from cycling to school on girls' cardiorespiratory fitness because the likelihood of female cyclists being fit was independent of their habitual physical activity . Such training 12 effects might be limited to the muscular activation pattern of the lower extremity during cycling and not be expressed in a vertical jump test which may explain the similarity in values between travel groups
The greater higher likelihood of good VJ peak power in those who walked to school was attenuated by controlling for physical activity (Model 2); a pattern reported previously for (boys) cardiorespiratory fitness . Better lower body muscular fitness in walkers may be mediated by higher physical activity levels of active commuters as previously reported (Cooper et al., 2003) .
The association between handgrip strength and cycling was independent of physical activity at other times possibly due to the neuromuscular demands of commuter cycling.
Regular gripping and movement of handlebars and using mechanical brake levers may develop isometric strength in muscle-groups used in handgrip dynamometry. Cycling may also produce activation of the upper body musculature sufficient to stimulate the development of strength. Handgrip strength correlates well with maximum dynamic strength of upper and lower body muscle groups of adolescents (Milliken et al., 2008) . Future research may wish to determine whether cyclists' greater handgrip strength actually indicates greater upper body strength or just more localized differences.
Limitations and recommendations.
Our cross-sectional design precludes inferences regarding cause and effect and there may be challenges to the validity of self-reported physical activity in younger participants.
Despite the sample size, the number of (particularly female) cyclists remains low. Given the exploratory nature of our investigation we maximized statistical power by analyzing all participants using age-and sex-specific z-scores and further statistical adjustment. This approach is limited, not accounting for age-related differences in travel habits. While future   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 13 studies would benefit from analyses stratified by sex and age they would require very large samples or deliberate oversampling of cyclists to ensure statistical power.
We used the vertical jump as our measure of lower body strength since as normative data were available and to estimate peak power by combining performance. Standing long jump may present a preferable alternative measure of lower limb power to vertical jumping as it correlates with metabolic health in youth (Garcia- Artero et al., 2007 , Artero et al., 2011 .
Standing long jump, is more reliant on technique and can be difficult to interpret in youth as greater limb length is associated with better performance but greater body mass is associated with lower scores.
Conclusions.
These are the first data to show a greater likelihood of good muscular fitness in English children who commute actively to school. The association active commuting has with muscular fitness is weaker than that reported for cardiorespiratory fitness, but presents yet another potential reason to promote active school transport. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 
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